Abstract We report a family in which two male sibs were affected with isolated noncompaction of ventricular myocardium (INVM). The familial occurrence of INVM suggests a genetic basis. We review the literature of familial and nonfamilial cases and discuss the inheritance pattern of INVM.
Introduction
The developing myocardium gradually condenses, and the large spaces within the trabecular meshwork flatten or disappear. Isolated noncompaction of ventricular myocardium (INVM) (sometimes called spongy myocardium or persisting myocardial sinusoids) is reported to represent an arrest in endomyocardial morphogenesis (Engberding and Bender 1984; Jenni et al. 1986) , and is characterized by numerous, excessively prominent trabeculations and deep intertrabecular recesses. INVM is defined as not being associated with other abnormalities and is extremely rare (Goebel et al. 1985) . Ritter et al. (1997) reported the prevalence of INVM was 0.05% of adult patients examined by echocardiography.
Some cases of INVM reported to date are sporadic, and others are familial. Genetic analysis by Bleyl et al. (1997a,b) have represented six patients of INVM from one family, and they suggested the genetic linkage to the Xq28 region.
We present two sibs with INVM, review previous reports on INVM, and discuss the pattern of inheritance of this disease.
Case Report
A 12-year-old boy was noted to be of less than normal development (height, 143 cm; weight, 38 kg), but he did not have any cardiac symptoms. He was the child of a healthy and nonconsanguineous, 25-year-old, primigravid mother and a 28-year-old father. Pregnancy and delivery were unremarkable. There was no history of medication, irradiation, or viral illness during the pregnancy. None of his relatives died of sudden cardiac death, congestive heart failure, or stroke. He was first noted to have electrocardiographic abnormalities in a school health examination and was referred for further evaluation.
Physical examination on admission revealed normal cardiac sounds and no murmurs. There was no facial dysmorphism. Pulse rate was 60/min and regular. Electrocardiogram showed normal sinus rhythm, left-axis deviation, and T-wave inversion in the left precordial leads. During exercise test, the bigeminy type of ventricular premature beats were observed. Chest X-ray was normal. Two-dimensional echocardiographic examination disclosed numerous prominent trabeculations with the deep intertrabecular recesses in the apical area (Fig. 1A) , which were less prominent and less numerous near the level of the mitral valve. The abnormal trabeculation was not observed in the right ventricle. No other echocardiographic abnormalities were observed. Pressures of left and right heart catheterization were normal. In the left ventriculogram, end-diastolic volume index was 118 ml/m 2 and ejection fraction was 58%. Left and right coronary angiograms were normal. Left ventricular contour was irregular in the apical area. Left ventricular myocardial biopsy from the apical area revealed thickened endocardium with elastic tissue. By avoiding hard exertion, he has been free of symptoms. He has been taking an anticoagu- Electrocardiographic and echocardiographic studies were performed for the parents and siblings of the patient (Fig. 2) . Electrocardiograms were normal. Exercise tests were not performed. On echocardiography, the boy's younger brother had significant trabeculation in the left ventricle, but not in the right ventricle (Fig. 1B) ; this was not observed in their parents or younger sister. None of the family members had facial dysmorphism.
Discussion
The occurrence of INVM seems to be more frequent than has been previously considered since the diagnosis has been facilitated by the use of two-dimensional echocardiography. Since the first report of INVM (Engberding and Bender 1984) , 44 patients (31 males and 13 females) have been reported (Goebel et al. 1985; Jenni et al. 1986; Yamazaki et al. 1987; Chin et al. 1990; Conces et al. 1991; Dulac et al. 1995; Shinozaki et al. 1995; Hamamichi et al. 1996; Hook et al. 1996; Bleyl et al. 1997a,b; Ritter et al. 1997 ). The present case was found to have an abnormal electrocardiogram in a school health examination. This echocardiogram disclosed a characteristic pattern of prominent trabeculations of the left ventricle. Similar findings were observed in his younger brother. The clinical and pathological features are similar to those reported by Chin et al. and Bleyl et al. Chin et al. (1990) first reported four patients of familial occurrence. Later, two patients were presented by Shinozaki et al. (1995) , four from one family by Hamamichi et al. (1996) , two from one family by Ritter et al. (1997) , and six from one family by Bleyl et al. (1997a) . Within these seven families, including our case, all but one finding occurred in sibs (Table 1) . Bleyl et al. (1997a) reported three male sibships from a fourth generation family. They demonstrated the INVM locus was located in the Xq28 region by linkage analysis. This condition is suggested to be an Xlinked recessive inheritance. Previously, the Xq28-located tafazzin (G4.5) gene (TAZ) has been mapped in Barth syndrome (Bolhuis et al. 1991; Bione et al. 1996) . Thus, INVM has been considered to be allelic with the Barth syndrome (MIM*302060). In male sibs with apparently normal parents, the occurrence of INVM can be explained on the basis of X-linked recessive inheritance.
All except two families reported by Hamamichi et al. (1996) and Ritter et al. (1997) support this interpretation. Two pairs of the siblings reported by Hamamichi et al. (1996) were cousins, and their fathers were brothers. This apparent nonpenetrance in the transmitting fathers in these kindred may be explained by suppressive effect of a gene, which suggests of autosomal dominant inheritance with reduced penetrance. A pair reported by Ritter et al. (1997) consisted of a father and a daughter. In these two families,
